Abstract-This paper presents a model to assess the efficiency of knowledge transfer within an organization. Firstly, a literature review of knowledge transfer management with a practical contribution to the shop floor activities is presented. Secondly, a model of the knowledge transfer process with five distinctive phases is suggested. Thirdly, an efficiency index is proposed to provide an objective numerical measure of the process. The numerical index is defined as a function of three attributes; process delay, effort and width. Its properties and limitations are discussed. Several pilot studies have been launched to test the validity of the model. One pilot is introduced in this paper.
I. INTRODUCTION
In a fast growing organization which has activities in several geographical locations worldwide, efficient utilization of expert knowledge is a challenge. This is especially true in fields where the pace of (technological) development is fast. Traditional communications: face-to-face communication, letters, memos, handbooks, etc., are too slow and time-consuming. Available information tends to be outdated and accessibility poor. A major effort is needed to keep documentation up-to-date. A new era with computer-based tools and worldwide communication network is emerging and may solve some of the communication problems in the utilization of expert knowledge. Expectations are high.
There is a contradiction between the traditional communicators, who think that only face-to-face communication, written documentation and other conventional methods guarantee successful knowledge transfer, and the 'computer enthusiasts', who share a firm belief that new 'intelligent' tools can solve the communication problems conclusively. Both parties are quite orthodox. An objective analysis of the usefulness of the novel computer tools remains to be done.
Actually, there is no fundamental conflict between these two approaches. Face-to-face communication is naturally the best between individuals and teams in one neighborhood. Distances are short, people know each other, and they also meet privately. Team spirit is strong. Face-to-face communication is also important whenever understanding between individuals with different educational, social and cultural backgrounds needs to be created.
In large organizations operating in several locations worldwide, face-to-face communication must be restricted to the absolute minimum due to cost and time. Other methods are employed, which make communication more formal with corresponding implications.
When thousands of people are concerned, personal communication is naturally impossible. Even in such environments, however, the expert knowledge in the company's possession should be available to those who need it. Computer assistance is a good alternative in this situation. A careful study is needed to judge objectively the usefulness of the new computer tools in order to find the best application areas. User acceptance is of utmost importance as well.
Quantitative measurements provide the most objective results. In ordinary physics, for instance, distances are classified uniquely by the quantity and its unit. It is well understood what 1.5 km means. In this study an effort was made to create a similar quantitative measure for the knowledge utilization process. Equally good results cannot be expected due to the complexity and multiplicity of the communication process. Measurements are not universally unique, because they need to be interpreted by the evaluator and are therefore related to his preferences.
II. DEFINITIONS
The key concepts of this study can be divided into two levels, information and knowledge. Information is a concept whereby data are organized in a specific way to create meaning. An example from the industrial environment could be:
• Information 1: The production volumes of PCB assemblies (printed circuit board) will increase by 50% within the next 6 months.
• Information 2: A new assembly process, DRS (double-sided reflow soldering), will result in 50% less soldering defects, but cannot be directly implementd on the present assembly lines.
• Information 3: The new products are based on the DRStechnology, because it will improve competitiveness.
New knowledge emerges when a process team understands that these three pieces of information are meaningfully interlinked with each other. If the decisions to recruit people, invest in production machinery and focus marketing efforts are based on this knowledge and not on the three individual pieces of information, the overall successfulness in business is improved.
Information is converted into knowledge when an individual has received it and understood its meaning within a certain context. Knowledge is the capability to link pieces of information intelligently together. The possessor of knowlegde has linkages in his mind between pieces of information.
Knowledge domain (KD) is the knowledge at an individual's or a team's disposal. KD is the environment within which a new idea, thought or information is related and evaluated.
All people have a KD of their own. Personal KDs are always limited and can be either focused, specialized KDs (expert or advisor knowledge, [21] key words: efficiency index method, knowledge utilization, knowledge dissemination tor or academic knowledge, [21] ). A team also has a KD of its own, which is a combinayion of the team members' KDs. In most instances, however, the KD of a team is not the sum of the KDs of the team members. The overlapping areas serve as the necessary linkages between the team members. The terms Provider and Receiver relate to the transfer phase of knowledge management. The provider is a person or team that possesses knowledge valuable to someone else. The receiver is a person or team expanding their KD by attaining new knowledge. In this context, both the provider and the receiver are people. However, part of the information can, and in today's business should, be generated automatically by the IS. If the provider and receiver are technical systems, the transfer is more or less a mere data-copying and storage process. The system is deterministic and no intuitive thought processes are, present as is possible when humans are concerned.
Knowledge transfer is a teaching and learning process. The provider teaches the receiver how the new piece of information is linked to the existing knowledge base. The transfer is only successful if the receiver understands the relationship. This is called learning.
Just possessing knowledge does not improve the performance of a person, a team or an organization. The knowledge should be utilized in the key business processes. Utilization of knowledge occurs in decision-making, selecting alternatives or prioritization. It is these new decisions that add value to the business processes, such as R&D, operations, marketing, sales and customer service.
Pure information cannot be utilized in decision-making. It must first be converted into knowledge. This conversion process implies comparison of several alternatives and quite often prioritization based on different criteria. If a decision is made based on information, the process is not an intelligent value-adding process, but a logical concluding process that can be automated by an IS. A competitive company should be able to transfer expert knowledge possessed by an individual or a team to anybody needing it in their daily decision-making.
Efficiency of the knowledge utilization process is a measure of the performance of knowledge documentation, dissemination and utilization in decision-making.
III. KNOWLEDGE MANAGEMENT
Knowledge management is a key element in the success of a company. This is why it is so widely studied in management science. Different perspectives to the problematics have arisen in the past. Three well-known schools relevant to this study are introduced here. The purpose of this paper is, to use the ideas presented by these reseacrhers to develop a practical method of measuring the efficiency of the knowledge transfer process and to suggest computer tools to be implemented.
A. 'Knowledge Creation' School
Nonaka et al. have made extensive and long-term observations about knowledge creation and transfer phenomena in companies [1] . They suggested a model to describe the knowledge creation process. This model is based on the assumption that knowledge exists in following two forms: tacit and explicit. Tacit knowledge is personal, context-specific, and therefore hard to formalize and communicate. Tacit knowledge is close to what is called 'craftsmanship'. On the other hand, explicit knowledge is factual 'codified knowledge', which can be formally documented and transmitted. This way of thinking will be called the Knowledge Creation School (KCS) in the following discussion.
The KCS Model describes how knowledge transforms from tacit-to-tacit, tacit-to-explicit, explicit-to-explicit and explicitto-tacit when organizational learning takes place. Metaphors and analogies are used to create a shared mindset and understanding of complicated and immaterial entities.
KCS makes a distinct difference between the Japanese and western styles of knowledge management. KCS calls the western style the 'western epistemology' to emphasize the philosophical differences. For example, KCS defines the word 'knowledge' as 'justified belief' as compared to the 'justified true belief'of western epistemology. Western management thinking considers an organization solely an 'information-processing machine' of explicit knowledge as compared to the emphasis on both explicit and tacit knowledge of KCS. Matsushita Corporation started developing a home bakery machine years back with repeated failures. The problem was, finally solved by sending an engineer to a bakery to work side by side with an experienced baker and to learn the subtleties of home baking. Then Matsushita successfully introduced a home bakery to the market. This is a good example of the importance of tacit knowledge.
KCS points out the importance of the middle management's role in knowledge transfer [1] . They are the interface between the ideal visions of the top management and the frequently chaotic shop floor reality. Instead of 'top-down' or 'bottom-up' management styles, KCS suggests a management model called 'middle-up-down' management, where the middle management is in the very center of knowledge management. The organization structure that supports their philosophy is called 'hypertext organization' emphasizing the vital links between the middle management and the parties above and below them in the management hierachy. KCS rejects the 'task force' and 'bureaucratic' organization models.
The knowledge creation and management model suggested by the Knowledge Creation School contains a lot of good and practically reasoned features. As a whole, however, it is rather complicated and therefore hard to understand because of its multilayer formalism.
KCS does not support the application of information systems to knowledge transfer. Transfer of tacit knowledge by information systems is out of question and transfer of explicit knowledge is considered insufficient as far as knowledge creation is concerned. The authors of this paper agree with KCS about the importance tacit knowledge management, but consider the management of explicit knowledge by information systems worth trying.
B. 'Core Competence' School
KCS emphasizes knowledge creation in knowledge management. Prahalad et al. suggested a model to describe the vital core competences of a company. This way of thinking will be called the Core Competence School (CCS) in the following discussion. This school takes a more business-oriented approach [2] . The fundamental question is: how can the competences at the organization's disposal be made to contribute to the performance of the company? This kind of thinking is called sometimes'resource-based' knowledge management, even though no physical assets, but only immaterial skills and knowledge are involved.
The prevalent business management philosophy of the 80s emphasized the division of a company into independent business units, which were allowed to focus their assets according to their own business interests. This philosophy can be called the 'Strategic Business Unit Concept'.
In the core competence management model , the company is considered to possess some key knowledge, which is the root of all or most businesses. CCS makes a reference to Sony Corporation, whose core competence is miniaturization. All the people involved in marketing, R&D and production in all of Sony's divisions are supposed to have a shared understanding of the importance of miniaturization to the company [2] . Sony can utilize this core competence in all their main products and businesses and be sure that there is minimal friction in the application of miniaturization to the whole business process.
Core competence is identified by three criteria [2] :
• a core competence should provide potential access to a wide variety of markets.
• a core competence should make a significant contribution to perceived customer benefits of the end product.
• a core competence should be difficult for competitors to imitate. CCS emphasizes collective learning in the organization. Special attention is paid to the coordination of diverse production skills and the integration of a multiple stream of technologies [2] . Core competencies do not diminish when used, as physical assets do. On the contrary, core competences are lost if not applied.
The CCS Model highlights the importance of knowledge transfer and a common understanding of the roots of competitiveness. This model also emphasizes knowledge utilization as the most essential means of nurturing the further development of organizational knowledge. A problem pointed out by CCS is that the top management devotes much attention to the capital budgeting process, but has no comparable mechanism for allocating the human skills that embody core competences [2] . This is a significant disadvantage of today's practice.
The authors of this paper share the CCS business-oriented perspective of knowledge management. Very little is gained if knowledge is transferred successfully, but no short-or longterm contributions to business decision-making takes place.
C. 'Knowledge Base' School
The scientific community is making a substantial effort to create an intelligent machine which could be used to solve problems. Artificial intelligence, expert system, knowledge base among others are terms that describe these aims. Knowledge management would be an excellent application area, if machine intelligence could be created.
The storage of knowledge into a knowledge base and its retrieval by a reasoning engine are the key issues of this approach.
In the following discussion, this way of thinking will be called the Knowledge Base School (KBS) of knowledge management. The motivation behind building an expert system is to provide to a non-expert an ability to solve problems beyond his expertise. The expertise of several experts is stored into the computer in a coded form and a reasoning engine is used as an interpreter of expert knowledge to the user. In principle, the machine expert applies the same reasoning rules as the human expert in problem-solving. A machine expert can be made available to the users through a network, which makes accessibility both wide and quick. User acceptance is a major issue of these systems. Special attention must thereforebe be attached to the quality of the user interface.
An example expert system with restricted applicability is the TELECOM knowledge base system [3] . It is intended to telecommunication companies for evaluating and ranking product innovations. The paradigm has been proved viable.
The main reason for not applying expert systems in a business environment is the massive effort needed to build such a system. The implementation of an expert system with a restricted application domain requires several man-years of human labor. It is beyond the financial possibilities of a company with tens or even hundreds of important expertise domains to employ such systems.
Another equally important reason is the difficulty of updating and maintaining the system. New knowledge is created without interruption within the company and imported from outside as well. The importance of objectives changes, which makes the change of reasoning rules necessary. The maintenance issue is discussed in [4] .
User acceptance is the final problem of employing an expert system. Significant advantages should be achieved before an organization is ready to adopt a totally different management culture. It does not necessarily depend on the performance of the introduced system, but on issues which belong to the domain of human behavior. Indifference and resistance are typical ways of humans to respond to change, whether good or bad. This attitude must be carefully addressed whenever a new system is introduced. Even when the user interface is simple and case-specific and a minimum learning effort is needed, the majority of users tend to keep on using the old, conventional methods. An example of a dedicated knowledge presentation system is presented in [5] . In this system design, knowledge is collected into a knowledge base by applying multilevel flow modeling (MFM) and an enhanced user interface.
The authors of this paper estimate that in an ordinary commercial company only a small portion of the knowledge domain can justifiably to be managed by expert systems. The advantages must surpass the problems to make the effort cost-effective.
D. Summary
These three different ways of thinking are not mutually contradictory, but approach the knowledge management problem from different perspectives. They serve as the underlying formalism and as a theoretical foundation on which to build. In this paper a pragmatic approach of knowledge management is used to provide practical tools for the daily problems.
The objective of this study is not to build a knowledge base system, but to create a computer-assisted knowledge system to pass explicit knowledge from one individual to another in order to maximize business benefits.
IV. KNOWLEDGE UTILIZATION PROCESS

A. Initial and Final Situation
The knowledge utilization process has been documented by the authors in [6] and [7] . Only a short introduction is given here. The process consists of six separate phases between the knowledge domain (KD) of the provider and the knowledge domain of the receiver. The provider is a person or a team possessing valuable knowledge and the receiver a person or a team capturing the new knowledge and perceiving and utilizing it in their decisionmaking, Fig. 1 .
The knowledge utilization process starts by the indication that a provider is willing to share the knowledge with a receiver in order to help the receiver in problem-solving. It means that the provider is willing to distribute his information and participate in the learning process. Without any motivation to be open and to get involved, no knowledge transfer can ever start. The same is true of the receiver. If he refuses to participate in the learning process, nothing can be done.
B. Phases of the Utilization Process
Identification of the initial and final situations does not solve the problem of specifying the requirements which should be met by the knowledge system. There should be a framework of the whole process between the initial and final situations, too. The suggested phases of this model are briefly described below.
1) Knowledge Acquisition: Knowledge acquisition refers to the separation of a piece of knowledge from the provider's KD. The provider is assumed to recognize the information and linkages necessary to be passed. This distinct part of the provider's KD is the knowledge to be transferred. There are several ways to acquire knowledge: research, purchase, industry reviews and benchmarks, literature surveys, accidental discovery, etc.
Knowledge acquisition is not a major problem to a front-line company. All the relevant business knowledge is available. Knowledge management may be a problem, though. Some knowledge may be important to the business, but may remain unrecognized. A product designer may know a more expensive, but more powerful alternative for electronic circuitry. If he is not aware of the market value of the improved performance, his knowledge remains unused. The organization loses a piece of knowledge due to poor knowledge management. Systematic, practice-oriented knowledge acquisition methods are missing.
2) Knowledge Documentation: The next phase is to shift the acquired pieces of information and their linkages onto a transfer medium. The medium can be in a written, graphical or vocal form.
The documentation phase is one of the most problematic ones in practice. Documentation should be done by the experts providing the information and the linkages. They are often so busy, however, and the amount of information to be documented is so huge that documentation is postponed if only traditional documentation methods are available. Even if the documentation is completed by the experts, it may be outdated due to the modifications made. Computer support should be provided to facilitate the experts to do the documentation with minimal effort. This is a major concern of this study.
3) Information and Knowledge Transmission: In this phase the documented information and knowledge are made available to the receiver. The difference between knowledge and information releases is that lthe inkages between the pieces of information must be sustained in knowledge release.
4) Information Receival:
The first step in understanding the meaning of the message is to receive and to get familiar with the information. Three senses are usually used to receive information. Eyes are used for reading text and reviewing other graphical information, ears for hearing and the tactile sense for feeling. Maybe, in the future, taste and the sense of smell can also be used for information perception. The information access method is essential. It may be forced: the provider addresses the specific receivers, or it may be open: the provider makes the information available without addressing it to any specific person or team and the receivers intentionally access the information by themselves.
5) Knowledge Perception:
The receiver understands the information content as well as the links between its separate items. The receiver has learned the provider's knowledge. It is probable that he can then remember it. After successful perception, the KD of the receiver increases by the amount of the perceived knowledge. Part of the 'released knowledge' may have been lost during the transfer process.
6) Decision-Making: The last phase in the knowledge utilization process is decision-making. It is the most important phase due to the added value created.
In the decision-making phase, the receiver has to consider how important the new piece of knowledge is in relation to his/her existing knowledge. Decision-making is nearly always a Multi Criteria Decision-Making process (MCDM). This means that several criteria must be taken into account. A lot of theoretical and practical research has been done on MCDM. The two main 'schools' are the utility theory and AHP (Analytic Hierarchy Process) [8] , [9] . In this study, AHP is adopted mostly due to the superior Decision Support System (DSS) tools available [10] , [11] , [12] .
Decision-making research has generated fairly advanced DSSs that are easy to use and provide a graphical rather than numerical interface. The present DSSs, however, do not support the input of new knowledge (criteria) into the existing 'decisiontree'. An improved DSS for repetitive decision-making is presented in [13] . Mathematical model to insert new criteria without a need for time-consuming and repetitive prioritization in the receivers KD is considered in [14] . The decision-making phase can be divided into sub-phases. One example of the division is given in [9] The quality of systematic development work is verified by the evaluation of the final results. Thus, indicators are needed to evaluate the performance of the knowledge utilization and transfer process. The description of the knowledge utilization process in [6] and [7] , shortly referred to in chapter IV, provides a solid basis for developing tools and procedures to improve the performance of the process. Various convenient and exciting computer programs have been developed for this purpose. It is, however, necessary to measure and compare the usefulness of these tools and focus the development resources to the most useful ones. So far, no systematic measuring method has been developed to evaluate the different tools available in the market. This has led to the inconsistent set of tools listed in Table 1 . The conclusions in Table 1 are based on a study made by Nokia Telecommunications.
As an example of the flora of tools, hypertext and hypermedia are covered. Hypertext and hypermedia are tools that have started to gain ground in the 90s. Some significant benefits can be achieved by converting normal linear documents into hypertext form. 'Native' hypertext documentation offers possibilities to go beyond archiving and retrieval to knowledge transfer [15] .
Hypertext provides a multifaceted access to the relevant information only. The user is protected from exhaustive e-mail lists and other mass info [16] .
When a reader travels through one or several paths of a hyperdocument, he outlines a 'contour' of the knowledge base that is relevant to his current interests [17] . Some new elements in hyperdocumentation also support interactive discussion between the writer and the reader. These features are difficult to realize in linear data and information presentation [18] .Some researchers even suggest a comprehensive information system with full hypermedia functionality [19] .
Table 1. Present Problems and Tools
Process Phase
Current Problems Tools available today
Information acquisition
• very few people can recognize the essential information from mass info • there should be more systematic search for new (and practical) knowledge • a lot of knowledge is tacit which is not recognized to be valuable knowledge
• no tools available • even in the future there will be no tools to support acquisition; pure human intelligence.
Documentation
• much of the knowledge is so dynamic that it is felt that it takes too long to document it • many professional and practically oriented people are not eager to write down their knowledge in traditional documents • documents are poorly archived • there is a long delay from acquisition to documentation • the 'new message' is often buried into a mass of unessential words; few people have time to study long stories.
• office tools • hypertext editors • general purpose SW • paper and pen • photographing • video recording 3.Transmission • documents are poorly distributed and hard to access • paper documents are distributed electronically • branching problem:
• only if the provider happens to remember to distribute the information to all who need it, branching takes place adequately • branching to an unknown receiver is not possible
• shared disks and folders • server applications and databases • e-mails • telefax • www service 4. Receival
• potential receivers are too busy to read or hear unless they have an urgent need for that specific information • many key persons receive too many emails and too much written information • when the information is really needed it can no more be found
• general purpose document management SWs
Receiver perception
• if the receiver understands the new piece of information, he/she automatically relates it to his/her existing knowledge • the problem is, therefore, initiate a learning process
• www service • tooled hypertext applications 6. decision-making
• the goals in decision-making processes are not clear • decision-making is seldom systematic • it is difficult to gather all the relevant information needed in decisionmaking
• general purpose DSS
In the case of hyperdocumentation, the important question is:
Does hypertext increase the efficiency of some of the phases in the knowledge utilization process?
Such core questions concerning various current computerbased tools are asked in this study in order to find the tools which may contribute to business success. Other interesting questions to be addressed are:
• Should the world-wide-web be used for internal document distribution, or maybe shared disks, database applications or current email? • Is it beneficial to build a decision advisory tool to distribute business strategies and to link the strategies to daily decision problems? • If hyperdocumentation instead of normal linear documentation were used, would receiver perception be improved? • If there were a tool to allow very quick (less than 15 seconds) documentation of an ad hoc problem situation, would this tool be used?
The list of such questions is even longer than this; these are just some examples. The method of measuring the knowledge utilization process provides a means to give a reasoned answer to these questions.
VI. DEFINITION OF EFFICIENCY INDEX
In chapter III the 'Knowledge Creation', 'Core Competence' and 'Knowledge Base' management schools were introduced. Some fundamental ideas of these schools: knowledge creation, business orientation and technological perspective, have been adopted by the authors and used as the reference to this study.When measuring the efficiency of the knowledge utilization process, a set of relevant attributes is needed.
The chosen set of attributes is: process delay, D, process width, W, and effort, E. Fig. 2 presents the meanings of these process attributes.
Process delay, D is the time from knowledge acquisition to receiver perception (time from the end of phase 1 to the end of phase 5 in Fig. 1 ). Decision-making (phase 6) is not included, because it is not considered part of the knowledge transfer process, but takes place at an unspecified time.
Process width, W, is the number of receivers who have perceived the transferred knowledge at the time of measurement. Effort, E, is the amount of human labor needed to run the knowledge transfer process. For instance, the provider needs time for documentation, the mail carrier to carry the mail to the receivers, and the receivers to read and understand the message.
These attributes take on absolute values. To make the variables useful for judging the efficiency of the process, they need to be scaled. This is done by relating them to their nominal values: D n , W n and E n . Nominal values are the estimated target values for the process parameters and they are defined case by case by the evaluator.
The scaled variables are:
On the basis of the scaled values an efficiency index is defined: 
VII. TIME CONSTRAINT
The knowledge transfer process can be monitored continuously. It is common to monitor a material process continuously by gauges. The efficiency of a water pump can be monitored automatically and a graph printed out to show the efficiency of this process as a function of time. The first measurement in the knowledge utilization process can, in principle, be done immediately after the provider has transferred the documented knowledge to the transfer medium. The measurements can be repeated daily as long as one likes; even years after the beginning of the process. Because people are involved, who may think that perpetual survey interferes with their daily duties, they may take an indifferent attitude, which detracts from the the reliability of the 
survey. Automatic computer-based survey of user behavior should be considered seriously [20] . The results of the example given in the previous chapter with a 5-day measurement interval are given in Table 2 . Fig. 3 shows the efficiency index as a function of time.
Due to this time sensitivity, it is very important to pay attention to the instant when the efficiency measurements are made. It is recommended that the measuring instant is close to the targeted time. Right after the issuing of the knowledge, the efficiency index is low due to few receivers having perceived the knowledge so far. On the growing section of the curve, an increasing number of receivers perceive the knowledge and the curve does not fluctuate so much any more. After the peak point, the width of the process is close to its maximum, the effort stays nearly constant and the only parameter which is growing is the delay. The tail section is therefore a monotonously decreasing function of time. If the value of the efficiency index is greater than one at the target time, it means that the transfer has been faster than estimated. If it is below one, the process has been slower than estimated.
VIII. QUALITY OF THE KNOWLEDGE TRANSFER PROCESS
The model described above does not reflect directly process quality. Only three attributes were chosen to keep the model as simple as possible, but to make it capable of indicating knowledge transfer efficiency. Efficiency is measured objectively by providing a numerical indicator for it. Nevertheless, the values of the model attributes need to be interpreted: what is the minimum performance of an individual to consider him having perceived the transferred knowledge, when the process width is surveyed? what is the nominal delay in each case? how is the overall effort defined?
Numerical efficiency values should be considered only as trend-setting. A similar evaluation problem exists in schools, where student performances are measured. Somebody may perform excellently in theoretical aspects, but not be able to apply the theory to practical problems. The quality of the transfer process i.e. education, is a more complicated issue than the numerical efficiency.
The quality of the knowledge transfer process is at its maximum when there is one-to-one correspondence between the transmitted and received knowledge. The receiver does not necessarily agree with the provider, but he understands exactly what the provider wants to say. The receiver evaluates the received knowledge in his own knowledge domain and reorients himself to the new reality on the basis of the additional knowledge obtained.
The tools used also affect the process quality. Graphical illustrations may improve the process quality significantly. The links of a hypertext document facilitate knowledge perception compared to ordinary linear text. Similarly, live acoustic and video signals improve the quality remarkably.
IX. PILOT CASES
The objective of this study was to create a practical computerbased system to improve and monitor the knowledge transfer process in Nokia Telecommunications Company. Therefore, several pilot projects were launched to test the presented ideas on the factory floor. Table 3 presents the pilot projects. Some of them have already been completed, while some are still in progress. The pilots are intended to improve one or the several phases of the knowledge transfer process. In the beginning, pilots for only one factory site and a limited group of users were started. After more experience has accumulated geographic coverage will be expanded. Using this straightforward approach, fast feedback about the applicability of the concept is obtained Parallel to this study, an independent research project is being carried out by behavioral scientists to relate the results to the known patterns of human behavior. In this way, the validity of the suggested assessment model will be tested. Fig. 4 shows the structure of the suggested research approach. The development of the pilots was started in 1994. The first one was in pilot use in 1995 and will be reported in the following chapter. A comprehensive analysis of the pilots will be published later. 
A. Pilot Description
The plan of action is assumed to be based on the expertise of the whole organization. It shows the most important actions to be taken in the future. Planning has several time spans. The time span of strategic planning is 1-5 years, that of mid-range planning one year and that of operative planning three months. At the operative level, planning is mostly concerned with what should be done in the immediate future. The purpose of this pilot is to demonstrate a new method of transferring annual plan knowledge within the production technology department at Nokia Telecommunications.
Old method: A group of people prepared the plan and distributed about ten paper copies to be rotated among all the employees of the department. The paper document typically included a lot of annexes, such as slides of the business strategy.
Hypertext-supported method: In 1995, the annual plan was prepared for the first time in a hypertext form instead of a linear document. The application was installed on the local server computer and all the employees of the department were advised to create an icon on their desktop workstation to get the annual plan application started in their computers. In a hypertext document, a third dimension is available for browsing the document. It is possible to create linkages from hotwords and other objects to annexes and other segments of the documents.
B. Assessment of the Attributes
1)Nominal Values
Nominal process width. It is important that all the employees of the department know the essential contents of the annual plan. This means that the targeted process width, W n , is the number of the employees: 81.
Nominal process delay. Distribution time, i.e. process delay, D, is not an equally critical factor as process width. The plan was made for the following 12 months. Hence, a process delay of several days is acceptable. A month is considered to be definitely too long. Expert assessment of the nominal delay is 14 days.
Nominal effort. The effort needed to collect and compile the contents of the annual plan is not included. Only the effort used to document, distribute and perceive the knowledge by the employees is included. The question therefore is: What is the reasonable effort to be invested? It will be several days due to the number of employees in the department, 81. One month is considered too long. Expert assessment for the effort is 2 hours/employee. Then, E n = 81 * 2 h = 22 workdays.
2) Attribute Values for the Old Method
In 1993 and 1994, the annual plan was made and distributed as a paper document. The process attributes for this method will be assessed next. Process width: The employees of the department were interviewed about whether they had seen and read the written annual plan. It turned out that 21 people had read the plan carefully or rather carefully. For most of the others, it was hard even to remember whether they had seen the plan or not. The process width, W, is thus the number of the people who had read the plan: 21.
Process delay: Each paper copy of the annual plan was rotated among about ten employees and each employee kept the plan for about 3 workdays. The delay, D, was thus 30 workdays, which makes 42 calendar days.
Effort: Writing a 50-page text takes about 4 days. Making 9 copies of the document and writing a distribution list for each copy takes about 2 hours. Compared to the writing and reading effort, this is an extremely small effort. Each reader should use about 3 hours of their time to be able to understand the content completely. 'Reception' effort is hence 81 * 3 hours = 32 workdays. The total process effort, E, is 4 + 32 = 36 workdays.
3) Attribute Values for the New Method
In 1995, the annual plan was made and distributed as a hypertext application. The process attributes for this method will be assessed next.
Process width: The same interview was used again to find out how many of the employees had read the plan carefully or rather carefully. The result was 27 people. The process width, W, is thus 27.
Process delay: The transfer time of the hypertext document comprises the following two parts: the time needed to install the application on the local server computer, and the time needed to install the start-up icon on the desktop workstation of every employee. The installation on the server computer took 3 hours. If the employees were able to create the icon by themselves, it took only about 15 minutes to do the job. However, there were some employees who were not so familiar with computers and needed some support to install the start-up icon. In this case, the 'waiting time' for icon installation was 3 days at the most. An ultimate process delay of 4 days is a practical measure for the hypertext annual plan distribution.
Effort: Creating a hypertext document in a Toolbook environment takes more time than writing a linear document with an ordinary document editor. Due to unfamiliarity with the tool, it took extra time to learn the details. It took altogether 44 workdays of the department manager's time to create a hypertext application. About one third of this time was spent in learning to use of the editing tool. The real writing time can thus be estimated to be 2*44/3 = 29 workdays.
The reading time of the printed annual plan was estimated to be 3 hours. A hypertext document reader can create 'a reading contour' of her/his own. This means that the reader can select only the topics that are within her/his own interest, ignoring the topics she/he is already familiar with. The experiences showed the reading time to about half of what it used to be, i.e. 1.5 h. For 81 employees, this sums up to 16 workdays. Hence, the total 'process effort' for the hypertext annual plan is 29 + 16 = 45 workdays. Table 4 summarizes the attribute values for the nominal situation, the old method and the hypertext-supported method. By using the model of evaluation described in Chapter 6 and the attribute values given in Table 4 , the following efficiency indices for this pilot are obtained, Table 5 .
C. Efficiency Index for the Pilot
The results of the pilot indicate that the performance of the knowledge utilization process improved significantly (from 0.05 to 0.56). It can be concluded that the shorter dissemination delay is the main cause of improvement. These results are consistent with the user feedback. Table 4 Attributes of the Annual Plan Pilot Table 5 Efficiency Indices of the Annual Plan Pilot
XI. CONSEQUENCES TO BUSINESS AND ENGINEERING MANAGE-MENT
Traditionally the operations research has emphasized the importance of the analysis and assessment of direct sales and production efficiency. Cost efficiency is understood as the efficiency of utilization of materials and direct production work force. Less attention has been paid to efficient office work. Intellectual work, however, plays a major role in successful competition of modern companies. Plans and decisions made by office personnel in research and development have major impact on the overall efficiency and performance of the business. Even the importance of immediate production know-how is considered significant. Due to the importance of intellectual work for successful business, numerical indicators should be used to measure its characteristics objectively. Efficiency index method introduced in this paper provides a numerical measure for knowledge distribution efficiency in business environment. It can be used to evaluate e.g. mutual superiorities of various knowledge distribution systems: e-mail, team communication systems or shared document drives to facilitate the choice of the best performing one in the environment in question.
Early experiences from the pilot projects in the case company show that the method can be successfully applied in an industrial company to help business and engineering managers to tackle In this paper, a literature review of knowledge transfer management was presented. The literature with potential value for practical shop floor knowledge management was selected for review. On the basis of this review, a transfer model with five phases was introduced and a numerical measure of transfer process efficiency derived. The numerical index was defined as a function of three parameters: process delay, effort and width. Its properties and limitations were discussed. The first experiences indicate that the suggested model is valid. Eight additional pilots, which are mentioned in Table 3 will be evaluated and reported later.
